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SPECIFICATION 

1 . Title of the Invention: 

A Loop Reactor for Olefin Polymerization 

2. Claim 

(1) A loop reactor for olefin polymerization equipped with downward slurry removal tubes 
characterized by the use of upward removal tubes equipped with opening and closing valves and 
the use of opening and closing valves between the loop reactor tube and downward removal 
tubes. 

(2) The loop reactor for olefin polymerization described in claim 1 wherein the upward angle of 
the aforementioned upward removal tubes to the horizontal is 10( or higher. 

3. Detailed Explanation of the Invention 
[Field of the Industrial Application] 

The present invention relates to a loop reactor for olefin polymerization. More specifically, this is 
a loop reactor for olefin polymerization that makes possible shorter startup time and controllable 
slurry residence time. 

[Prior Art and Its Problems] 

The conventional loop reactor employed for olefin polymerization has downward removal tubes 
called the settling legs (see US Patent No. 337421 1, US Patent No. 3324093 US Patent 
3242150). 

In general, the concentration of the polymer slurry removed from reactors should be as high as 
possible to minimize the loss of unreacted monomer. In the above-mentioned loop reactor 
however, the concentration of the slurry in the reactor is difficult to increase to a very high level 
due to the requirements of protecting the agitator and maintaining a certain flow state of the 
slurry. To meet these requirements, the slurry concentration in a loop reactor with downward 
removal tubes, is maintained at a relatively low, constant level. The slurry concentration is 
increased in the downward removal tubes before the slurry is removed from these downward 
removal tubes. 
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The loop reactor with downward removal tubes described above, however, has the following 
problems. 

( Problem at the Startup: 

During the process of a loop reactor, the starting material and others are fed to the tubular 
loop reactor t all the time. At the same time, the loop reactor is required to discharge about 
the same quantity of materials as it receives.. At the process startup, the removal of the 
polymer slurry out of the downward tubes in a quantity equivalent to that of the feed means 
that the polymer slurry just polymerized needs to be removed. In this manner, it takes undue 
time for the system to reach the steady state. 

( Problem experienced during the steady state operation 

With a plurality of downward removal tubes in operation, and if it is necessary to change the 
slurry residence time, it is possible to lengthen the residence time by stopping the operation of 
a certain number of downward removal tubes; or it is possible to shorten the residence time by 
increasing the number of the operating downward removal tubes. The changing of the 
residence time by this means, however, is problematic because the downward removal tubes, 
once quitting operation, can experience malfunctioning at restarting due to the powder having 
adhered to the valves. 

The present invention was made to solve the above-described problems. 

The object of the present invention is to offer a loop reactor that is capable of shortening the 
startup time, and varying freely the slurry residence time without causing the clogging of the 
tubes. 

[Means for Achieving Said Object] 

The present invention, which is to achieve the above-stated object, is outlined as follows. The 
present invention, which relates to a loop reactor for olefin polymerization equipped with 
downward removal tubes, is characterized by the addition of upward removal tubes equipped with 
opening and closing valves to this reactor, and, at the same time, by providing opening and 
closing valves in the areas between the downward removal tubes and the loop reactor tube. 

The present invention will be explained more specifically with reference to attached drawings, as 
follows: 
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Figure 1 illustrates the present invention. 



As shown in Figure 1, loop reactor 1 for olefin polymerization is a circular loop tubular reactor 
consisting of ascending tube 2, descending tube 3, and upper and lower horizontal transfer tubes 5 
and 4. The lower horizontal transfer tube 4 is connected with input tubes 6 and 7, which are for 
feeding the feed monomer, comonomers, catalysts, promoters, solvents, and, depending on the 
necessity, molecular weight-adjusting agents, and others. This horizontal transfer tube has within 
its tube an agitator 8. The outside surfaces of the ascending and descending tubes 2 and 3 are 
covered with cooling jackets through which coolant is circulated. Upper or lower horizontal 
transfer tube 5 or 4 is provided with a plurality of (three, for example) downward removal tubes. 

The loop reactor for olefin polymerization 1 with the above-described structure generally has a 
monomer as the starting material, catalysts, and others fed into it through input tubes 6 and 7 so 
that the inside the tubular reactor will be full of liquid. The starting material monomer and others 
are circulated in the loop reactor by agitator 8 so as to circulate in a turbulent flow at an 
approximate speed of three to 10 meters per second within the loop reactor. The starting material 
monomer circulating is polymerized while being circulated to become a polymer slurry. The heat 
generated by polymerization is removed by means of cooling jackets 9. 

In this invention, the upper and lower horizontal transfer tubes 5 or 4 is equipped with upward 
removal tubes 1 1 so that the solvent in the loop reactor can be removed through these upward 
removal tubes 11. 

The "upward" of the upward removal tubes means that the tubes are oriented upward relative to 
the horizontal. In essence, the upward angle (, the acute angle that the upward removal tubes 1 1 
make with the horizontal may be acceptable if it exceeds 0(. To make the present invention 
sufficiently effective, however, the upward angle ( of upward removal tubes 1 1 should preferably 
be 1 0( or higher, or, especially, 3 5( or higher. 

The number of the upward removal tubes 1 1 should not be particularly limited. 

The diameter of the upward removal tube 1 1 is not particularly limited, either. Usually, it should 
be determined based on the size of the loop reactor and other factors. 

Naturally, the upward removal tubes 1 1 should be equipped with valves 12 in such a way that 
valves 12 should operate when the solvent and others in the loop reactor is to be removed; they 
should remain in the closed state while the solvent removal is not being carried out. 



is no particular limit to the number of downward removal tubes 10 on the loop reactor for 



olefin polymerization 1 which are equipped with upward removal tubes 11. Normally, from one. to 
four may be an appropriate range of the number of the downward removal tubes 10. 

In the present invention, a downward removal tube 10 is equipped with the first valve 13 located 
in a close proximity of horizontal transfer tube 4 (or 5). Further down from the first valve 13, the 
second valve 14 is also provided on the downward removal tube. With the first valve 13 in the 
closed state, the clogging of the downward removal tube 10 with polymer is prevented from 
occurring. With the aforementioned valve 12 and the second valve 14, it is recommended that 
their operations as well as their closed state should be automatically controlled from a central 
controlling unit through the signals issued from the pressure detector provided in these valves 12 
and 14, for example. Valve 12 and the second valve 14 are opened and closed repeatedly, 
instantaneously and alternately so that the pressure in the loop reactor tubing can be adjusted. 

[Actions] 

Next, how the above-structured components work will be explained. 

This loop reactor for olefin polymerization is operated in the following manner. 

The starting material monomer and others are fed to loop reaction tubing through input tubes 6 
and 7 to the full state. The starting material monomer and others are circulated in the loop 
reaction tubing by agitator 8. In addition, a coolant is circulated in cooling jacket 9 so that the 
polymerization heat generated after the start of the polymerization can be removed. The first valve 
13 is left in the closed state; the second valve 14 is left in the inoperative state; and valve 12 is 
made operative. 

Next, catalysts, promoters, and others are introduced through input tube 6 or 7. A polymerization 
reaction is immediately allowed to start in the loop reaction tube. As the polymerization proceeds, 
the liquid in the loop reaction tube turns into a slurry state. The valve 12 is left in the operating 
state while the slurry is circulated until the concentration of the slurry reaches the target value. 
Meanwhile, solvent is being discharged out of the upward removal tube 11. Because the polymer 
is not discharged while the solvent is being removed out of the upward removal tube 1 1, the 
concentration of the slurry in the loop reaction tube sharply increases. 

After the slurry concentration reaches a prescribed level and the steady state is achieved, the first 
valve 13 is opened to allow the slurry to enter the area of downward removal tube 10 down to the 
second valve 14. The polymer settles in this part to become a concentrated polymer slurry. Next, 
valve 12 is closed, and, at the same time, second valve 14 is brought into the operating state. The 
polymer slurry is then discharged through the downward removal tube 10. The first valve 13, 
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located in proximity to horizontal transfer tube 5, cannot possibly cause a tube clogging accident 
by the polymer settling in the part from horizontal transfer tube 5 to the first valve 13. 

After the steady state was reached, the slurry residence time in the loop reactor tube can be 
lengthened by turning on the upward removal tubes (which have been in a closed state) to the 
operating state. If the residence time is wished to be shortened, either the operation of the upward 
removal tubes can be stopped, or the number of the operating downward removal tubes can be 
increased. 

Next, the working examples of the present invention will be described below. Of course, this 
invention shall not be limited to these working examples. 

A loop reactor for olefin polymerization shown in Figure 1 used in this experiment was equipped 
with an upper horizontal transfer tube 5 whose inside diameter is 150 mm, and whose inside 
volume is 370 L. This upper horizontal transfer tube 5 was equipped with three downward 
removal tubes 10, each having an inside diameter of 38.4 mm and 1 m in length, and three upward 
removal tubes 1 1, each having an inside diameter of 25.0 mm, and a length of 0.4 m, equipped. In 
addition the reactor had 1/4 inch valves 12, first valves 13 and second valves 14; as well as input 
tubes 6 and 7, an agitator 8, and cooling jackets 9. 

The operation times for the second valve 14 and valve 12 were set for 0.9 second and 0.7 
second, respectively. While propylene was being fed through input tubes to the loop reaction 
tubing, catalyst and promoter were added in such a catalyst quantity and a promoter ratio that 
would make possible the production of 50 kg of polypropylene at a polymerization temperature of 
70°C, pressure of 36 kg/m 3 G in a polymerization time of two hours. Meanwhile, solvent heptane 
was introduced into the loop reaction tube through input tube 7 at a rate of 10 kg/hour. The 
experiment was run in the following manner. The results are listed in Table 1. 

(Working Examples 1—3 and Comparative Examples 1—3) 

Using the starting methods shown in Table 1, polymerization reactions were conducted with 
quantities of propylene monomer specified in the table. 

The time required for the slurry concentration to reach the target value, the slurry concentration 
when the steady state was reached, and the time elapsed before the steady state was reached are 
shown in Table 1. 
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Table 1 





Starting Method 


Propylene 
monomer 
feeding rate 


Time required 
before target 
density was 
reached 


Tim^ rpn ill rt*f\ 

before steady 
state was 


Density at the 
steady state 


Ex. 1 


tubes. The operating tubes were switched 
to two downward removal tubes when the 
target value of 610 kg/m 3 was reached. 


80 kg/hr 


3 7 hourc 


j.y nours 


588 kg/m 5 


Ex.2 


tube. The operating tube was switched to 
two downward removal tubes when the 
tarcet value of fil 0 lro/m 3 wac r^nU^A 


80kg/hr 


3.8 hours 


4.0 hours 


590 kc/m 3 


Ex.3 


Started operation with one upward removal 
tube. The operating tube was switched to 
two downward removal tubes when the 
target value of 550 kg/m 3 was reached. 


100 kg/hr 


2.5 hours 


2.7 hours 


523 kg/m 1 




The operation was started with one 
downward removal tube. 


80 kg/hr 




8.2 hours 


607 kg/m 1 


Com. 2 


The operation was started with two 
downward removal tubes. j 


80 kg/hr 




1 1 .3 hours 


590kg/m J 




The operation was started with two 
downward removal tubes. 


100 kg/hr 




7.5 hours 


520kg/m J 



(Comparative Example 4) 



A polymerization reaction was started by the method employed in Comparative Example 2 
When the steady state was reached, the second valve of one of the downward removal tube 
was closed so as to increase the residence time. By thus reducing the number of operating 
downward removal tubes to one, the slurry density was increased to 10 kg/m 3 . After 18 hours 
of operation, the second valves of the nonoperating downward removal tube were opened 
again. The second valves, however, malfunctioned and were unable to operate. 

(Working Example 4) 

A polymerization reaction was started by the method employed in Working Example 1 After 
the steady state was reached, the valve of one of the upward removal tube was made to 
operate so as to increase the residence time. In this manner, the steady state operation with 
two working downward removal tubes in Working Example 1 was changed to a steady state 
operation in which one upward removal tube and two downward removal tubes were working 
In this steady state operation, the slurry density was able to be increased to 610 kg/m 3 . 

After 48 hours of operation in that state, one upward removal tube was closed, and the 
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operation of the reactor was continued. The slurry density then was decreased to the original 
level of 588 kg/m 3 . 

[Advantages of the Invention] 

As has been explained in detail, this invention, which adds upward removing tubes to a loop 
reactor equipped with downward removal tubes, is able to attain speedily the prescribed slurry 
concentration after the start of the polymerization by closing the downward removal tubes and 
by turning on the upward removal tubes into the operating state so that the solvent can be 
removed without wasting the polymer slurry which has just been produced. Once the steady 
state is achieved in the polymerization, the residence time of the polymer slurry can be 
controlled at will, whether it is to be increased or decreased, by adjusting the number of 
operating upward removal tubes while letting the downward removal tubes continue operating. 

By the use of the present invention, the time between the start of the polymerization and the 
time at which the steady state is reached can be shortened. In addition, the residence time of 
the polymer slurry can be controlled with a configuration attained by simply adding upward 
removal tubes. 

4. Brief Explanation of the Drawings 

Figure 1 is a schematic diagram that illustrates the structure of the present invention. In Figure 
2 a horizontal transfer tube provided with an upward removal tube and a downward removal 
tube is illustrated with a partially cross-sectioned side view. 

I. ...A loop reactor for olefin polymerization 
10.... Downward removal tube 

I I. ... Upward removal tube 
13.... First valve 
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